Introduction
Congenital microcephaly is a neurological condition defined by an occipital-frontal head circumference that is smaller than expected for the gestational age and gender. Head circumference is a validated measurement for intracranial brain volume, since the growth of the cranium depends on the forces of the expanding brain. Microcephaly could, therefore, be used as an indicator of an undersized brain. However, controversy exists concerning the suitable lower limit for this measurement, as well as over the need for ethnically controlled data. 1 Furthermore, establishing the clinical implications of an undersized brain is difficult. Common causes of microcephaly are genetic disorders, severe malnutrition during pregnancy and intrauterine infections -such as syphilis and toxoplasmosis.
Microcephaly is a rare condition. In the United States of America, the prevalence has been estimated to range from 2.0 to 12.0 newborns with microcephaly per 10 000 live births 2 and the European Surveillance of Congenital Anomalies centre reports 2.9 newborns with microcephaly per 10 000 live births. 3 In Brazil, the live birth information system, SINASC, reported a prevalence of 0.6 newborns with microcephaly per 10 000 live births in 2010. 4 However, the reporting of microcephaly was neither compulsory nor had clearly defined criteria. Between November 2015 and February 2016, however, the reported number of newborns with microcephaly reached a total of 5280 in 25 of the 27 Brazilian states. More than 80% of them were from north-east Brazil and the State of Paraíba reported 776 newborns with microcephaly. 5 Since 2012, the government in Paraíba has run a paediatric cardiology network, 6 in collaboration with Círculo do Coração, a nongovernmental organization. The network has screened and stored cardiovascular data from more than 100 000 neonates from this state. However, the original data set does not include head circumference data. To increase the knowledge about microcephaly prevalence in Paraíba, the network carried out a four-week exercise between 1 and 31 December 2015, to obtain head circumference data from 10% of the neonates in the data set. This article summarizes the results from this research.
Methods
The network collected data on all neonates born in the 21 participating maternity centres. To retrieve data on head circumference for a subset of these neonates, we exported data -including an identification number, the date of birth and the mother's name, for all neonates in the network -from the database to an electronic spreadsheet. We added an extra column to the spreadsheet with the heading head circumference. We sent the spreadsheet to each participating centre by email, and in the email asked the nurses to retrieve the head circumference measurements from the delivery-room books. In Brazil, a newborn's occipital-frontal head circumference is measured in the delivery room by a nurse or a paediatrician, who uses a common measuring tape. The measurement is noted in the delivery room book as part of the routine perinatal practice in Paraíba state.
The goal was to retrieve data on approximately 10% of the neonates born between 1 January 2012 and 31 December 2015. To distribute the collection of data evenly over time, we suggested that the nurses should randomly select 10% of Objective To assess the number of children born with microcephaly in the State of Paraíba, north-east Brazil. Methods We contacted 21 maternity centres belonging to a paediatric cardiology network, with access to information regarding more than 100 000 neonates born between 1 January 2012 and 31 December 2015. For 10% of these neonates, nurses were requested to retrieve head circumference measurements data from delivery-room books. We used three separate criteria to classify whether a neonate had microcephaly: (i) the Brazilian Ministry of Health proposed criterion: term neonates (gestational age ≥ 37 weeks) with a head circumference of less than 32 cm; (ii) Fenton curves: neonates with a head circumference of less than −3 standard deviation for age and gender; or (iii) the proportionality criterion: neonates with a head circumference of less than ((height/2))+10) ± 2. Findings Between 1 and 31 December 2015, nurses obtained data for 16 208 neonates. Depending on which criterion we used, the number of neonates with microcephaly varied from 678 to 1272 (4.2-8.2%). Two per cent (316) of the neonates fulfilled all three criteria. We observed temporal fluctuations of microcephaly prevalence from late 2012. Conclusion The numbers of microcephaly reported here are much higher than the 6.4 per 10 000 live births reported by the Brazilian live birth information system. The results raise questions about the notification system, the appropriateness of the diagnostic criteria and future implications for the affected children and their families. More studies are needed to understand the epidemiology and the implications for the Brazilian health system. We obtained additional information about the mother's name and address, the gestational age, the length and weight, and the gender of the neonate at birth, from the network's database. Data on ethnicity were not collected. We only included neonates with complete data.
We classified neonates as having microcephaly by using one of the following criteria: (i) the criterion proposed by the Brazilian Ministry of Health, for which a term neonate (gestational age ≥ 37 weeks) is diagnosed with microcephaly if the head circumference is less than 32 cm; 7 (ii) Fenton curves, for which neonates are classified as having microcephaly if the head circumference is less than −3 standard deviation for age and gender; 4 or (iii) the proportionality criterion, for which a neonate is classified as having microcephaly if the head circumference is less than ((height/2)+10) ± 2. 8 We made four different analyses: one for each criterion and one where the neonates had to fulfil all three criteria. In addition, within each of the criterion, a neonate was classified as having severe microcephaly when the measurement was −3 standard deviation or more for that criterion.
We used the software R, version 3.3.0 (R Foundation, Vienna, Austria) for all data analysis. For statistical analysis we used the Friedman test.
Results
Nurses retrieved data from 16 208 neonates, of whom 7750 were females and 8458 were males. Most of the babies (15 591; 96.2%) were full term neonates, 12 146 (74.9%) weighed more than 3000 g and 15 572 (96.1%) measured more than 45 cm in length, at birth (Table 1) .
Depending on which criterion we used, 4.2% (678) to 8.2% (1272) of neonates were classified as having microcephaly and 316 (2.0%) neonates fulfilled all three criteria. Of the neonates that fulfilled all three criteria, three were classified as having severe microcephaly (Table 2) .
Between 2012 and 2015, the number of neonates with microcephaly fluctuated, all of the criteria showed a similar pattern over this time. From the end of 2012, the numbers were higher than expected, with the highest peak in mid-2014 ( Fig. 1 ). When we only considered neonates with severe microcephaly, we observed a significant increase in numbers (P = 0.001) from the third quarter of 2015 (Fig. 2 ).
Discussion
Between 2012 and 2015, the Brazilian live birth information system reported a microcephaly prevalence of 6.4 per 10 000 live births in Paraíba. 9 Our study indicates that the prevalence could have been even higher. When projecting our findings to the total number of live births in Paraíba in 2014 (n = 58 147), if we use the proposed criterion from the health ministry, the estimated number of neonates born with microcephaly in that year is 4652; if we use the Fenton curves, the estimated number is 2442; and if we use the proportionality criterion, the estimated number is 2907. The estimated number of neonates fulfilling all three criteria is 1105.
These observations raise several questions. First, what is the true prevalence of microcephaly in north-east Brazil? The discrepancy in numbers between the Brazilian Ministry of Health and this study may reflect underreporting in recent years associated with an even greater incidence of microcephaly than presumed. It is possible that a high prevalence of the nonsevere forms of microcephaly had been occurring before the current outbreak, but health workers had only notified the live birth information system about the cases of neonates with typical severe phenotypes. As a result of the number of neonates with severe microcephaly increasing in the last quarter of 2015, the health workers' awareness might have increased, therefore causing them to notify the live birth information system about the milder forms as well. 12 the virus's strong neurotropism; 13 and the detection of the virus in amniotic fluid of fetuses with microcephaly.
11
The Zika virus was identified in Africa more than 50 years ago 14 and despite the numerous outbreaks of the virus, both inside and outside Africa, an increase in the number of neonates with microcephaly has not been reported. However, during a Zika virus outbreak in French Polynesia in 2013, the virus was associated with several conditions, including Guillain Barré syndrome and microcephaly. 12, 15 The Zika virus is transmitted by Aedes aegypti mosquitoes and infections transmitted by this vector demonstrate temporal fluctuations similar to the fluctuations of microcephaly that we present here. 16 Researchers are considering whether other concurrent infections transmitted by Ae. aegypti, such as dengue and chikungunya, might explain the increase in microcephaly seen in Brazil. The hypothesis is that concurrent infections have an additive effect that promotes microcephaly. A study from the island of La Réunion-an overseas department of France -showed an association between chikungunya infections and microcephaly. 17 Teratogens' exposure -such as vaccines or drugs used in early pregnancy -is another potential factor to consider as a potential cause of microcephaly. 1, 18 Furthermore, malnutrition, which has previously been 
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Brazilian Ministry of Health proposed criterion Fenton curves Proportionality criterion Q1: first quarter; Q2: second quarter; Q3; third quarter; Q4: fourth quarter. Notes: The proposed criterion from the Brazilian Ministry of Health is that a term neonate (gestational age 37 weeks or more) is diagnosed with microcephaly if the head circumference is less than 32 cm. Fenton curves classify neonates as having microcephaly if head circumference is less than −3 standard deviation for age and gender. The proportionality criterion classifies neonates as having microcephaly if the head circumference is less than ((height/2)+10) ± 2.
Microcephaly in north-east Brazil Juliana Sousa Soares de Araújo et al.
associated with microcephaly, could worsen the effect of other etiological factors. Indeed, most of the reported neonates with microcephaly have come from low-income families. 6 In Brazil, controlling the Ae. aegypti vector has been a major public health strategy to combat the arboviruses. This strategy is justified both by its potential to reduce the number of babies born with microcephaly -if the association with Zika virus infections proves trueand for the reduction of other Ae. aegypti transmitted diseases, such as dengue and chikungunya infections.
At this stage, we can only conclude that Brazil is facing a new and challenging public health problem. The current epidemiological and clinical data are insufficient to make conclusions concerning the risk factors of microcephaly and the pathogenic mechanisms of the Zika virus. Further retrospective studies and follow-up investigations on children with well-defined or borderline microcephaly will be important to clarify the etiology as well as the neurological consequences of these diagnoses. Children born with microcephaly can also have other birth defects, which could further aggravate the neurological manifestations. For the affected children and the families it is paramount that the government provides management strategies, such as social inclusion programmes and access to specialized health care. ■ Методы Авторы обратились в 21 родильный дом, относящийся к сети детских кардиологических больниц, и получили доступ к информации о более чем 100 000 случаев новорожденных в период между 1 января 2012 года и 31 декабря 2015 года. У 10% этих новорожденных авторы попросили медицинских сестер проверить сведения журналов учета родильных залов об окружности головы. Использовались три отдельных критерия микроцефалии: (i) критерий, предложенный Министерством здравоохранения Бразилии: доношенный новорожденный (срок беременности ≥ 37 недель) с окружностью головы менее 32 см; (ii) кривые Фентона: новорожденные с окружностью головы, которая на −3 стандартных отклонения меньше средних значений для своего возраста и пола; (iii) критерий пропорциональности: новорожденные, чья окружность головы меньше значения, полученного по формуле ((рост/2)+10) ± 2. Результаты В период с 1 по 31 декабря 2015 года медицинские сестры получили данные для 16 208 новорожденных. В зависимости от использованных критериев количество новорожденных с микроцефалией варьировало от 678 до 1272 (4,2-8,2%). Два процента (316) новорожденных отвечали всем трем критериям. Начиная с конца 2012 года наблюдались временные флуктуации частоты микроцефалии. Выводы Количество случаев микроцефалии в этом регионе значительно выше, чем цифры, приводимые в системе информации о рождении живых детей в Бразилии (6,4 на 10 000 живых новорожденных). Эти результаты поднимают вопросы о системе уведомления, о пригодности диагностических критериев и о том, какие последствия ожидают таких детей и их родителей в будущем. Необходимы новые исследования для понимания этой эпидемиологии и ее последствий для системы здравоохранения Бразилии.
Resumen
Microcefalia en el noreste de Brasil: un estudio retrospectivo sobre los neonatos nacidos entre 2012 y 2015
Objetivo Evaluar el número de niños nacidos con microcefalia en el estado de Paraíba, en el noreste de Brasil. Métodos Se contactó con 21 centros de maternidad pertenecientes a una red de cardiología pediátrica con acceso a información relativa a más de 100 000 neonatos nacidos entre el 1 de enero de 2012 y el 31 de diciembre de 2015. Para el 10% de estos neonatos, se solicitó a las enfermeras que recuperaran los datos acerca de las mediciones del perímetro cefálico de los archivos de las salas de parto. Se utilizaron tres criterios distintos para clasificar si un neonato tenía o no microcefalia: (i) los criterios propuestos por el Ministerio de Sanidad de Brasil: recién nacidos a término (edad gestacional ³ 37 semanas) con un perímetro cefálico inferior a 32 cm.; (ii) las curvas de Fenton: recién nacidos con perímetro cefálico inferior a la desviación estándar de -3 para la edad y el género; o (iii) los criterios de proporcionalidad: recién nacidos con un perímetro cefálico inferior a ((altura/2)+10) ± 2.
Resultados Entre el 1 y el 31 de diciembre de 2015, las enfermeras obtuvieron datos relativos a 16 208 neonatos. Según los criterios que se utilizaron, el número de recién nacidos con microcefalia varió de 678 a 1 272 (4,2-8,2%). El 2% (316) de los neonatos cumplió con los tres criterios. Se observaron fluctuaciones temporales de prevalencia de microcefalia a partir de finales de 2012. Conclusión Las cifras registradas de casos de microcefalia son mucho mayores del 6,4 por cada 10 000 nacidos vivos registrados por el sistema de información de nacidos vivos de Brasil. Los resultados plantean dudas acerca del sistema de notificación, la aptitud de los criterios de diagnóstico y las implicaciones futuras para los niños afectados y sus familias. Es necesario realizar más estudios para comprender la epidemiología y las implicaciones para el sistema sanitario brasileño.
